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CLEAR, INJECTABLE FORMULATION OF AN ANESTHETIC 

COMPOUND 

The present invention relates to a clear, injectable, pharmaceutical formulation 
of propofol. 

Propofol, whose chemical name is 2,6-bis-(l-methylethyl)phenol, is a known 
anaesthetic, largely used for general anaesthesy. 

The propofol formulation which is present on the market is a non-trasparent, 
white, oil-in-water emulsion. Similar formulations are described for example in 
US 4,798,846 and in GB 2,298,789. 

Other injectable propofol preparations have been described. More particularly, 
WO 96/32135 discloses a pharmaceutical composition in which propofol is 
used as an inclusion complex with 2-hydroxypropyl-P-cyclodextrine while WO 
97/10814 discloses the use of nanodispersions of propofol to be administered 
by intravenous route. 

It has now been found that a transparent injectable formulation of propofol may 
be obtained by mixing said propofol with a bile acid and with a lecithin. More 
particularly, said form ulation presents noteworthy advantages in res pect nf the. 
presently marketed formulation. Such a formulation is clear, and, hence, the 
presence of foreign particles, such as glass residues, fibers, undissolved 
substances and the like, inside the vials or bottles can be easily controlled. This 
feature is very important for the product safety because, in general, the ready- 
for-use injectable solutions and, with greater reason, those exclusively used by 
intravenous route, as is the case of propofol, must not contain any foreign 
particles. 

Furthermore, the present injectable formulation may be diluted in most of the 
solutions for infusion, thus allowing the anaesthesist physician to dose the drug 
with better precision and to administer it with a greater regularity in order to 
obtain a more precise and safer effect. 

Another very important advantage is the fact that the present formulation is 
stable within a temperature range from +2° to +35°C, which is broader than the 
stability temperature range (+2-^+25 °C) of the presently marketed formulation. 
Moreover, the production of the formulation of the present invention does not 
require any particular or sophisticated apparatus, but it is sufficient to use a 
normal equipment for the production of pharmaceutical formulations for 
injectable use. 
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Thus, it is another object of the present invention to provide an aqueous, 
injectable pharmaceutical composition comprising: 

(a) propofol; 

(b) a pharmaceutically acceptable salt of a bile acid; 

(c) a lecithin. 

The bile salt is advantageously selected from the group consisting of 
glycocholic acid, cholic acid, chenodesoxycholic acid, taurocholic acid, 
glycochenodesoxycholic acid, taurochenodesoxycholic acid, litocholic acid, 
ursodesoxycholic acid, dehydrocholic acid, the preferred one being glycocholic 
acid . 

The pharmaceutically acceptable salts of the bile acids may be advantageously 
selected from the group consisting of the sodium, potassium, calcium, 
magnesium or ammonium salts. The sodium salt being preferred. 
Sodium glycocholate is the particularly preferred pharmaceutically acceptable 
salt of a bile acid. 

A lecithin may be soybean lecithin or egg lecithin. 

The use of a salt of a cholanic acid in admixture with lec ithin for the 
preparation of mycellar solutions of non-steroidal anti-infiiammatory 
compounds, in order to reduce or suppress the local irritations and the 
haemolytic effects deriving from the parenteral administration of aqueous 
solutions of said drugs, is described in EP-A-280887. 

In the aqueous pharmaceutical formulation of the present invent, propofol is 
present in an amount of from 8 mg to 12 mg per 1 ml of solution, 
advantageously from 9 mg to 11 mg per ml of solution, preferably in an 
amount of 10 mg per ml of solution. 

The pharmaceutically acceptable salt of the bile acid is present in said aqueous 
pharmaceutical formulation in an amount, referred to the free acid, of from 25 
to 110 mg per 1 ml of solution, preferably of from 50 to 60 mg per ml of 
solution. Lecithin is present in an amount of from 40 to 150 mg, preferably of 
from 70 to 80 mg per ml of solution. Soybean lecithin is the preferred lecithin. 
According to an advantageous embodiment of the present invention, the 
aqueous, injectable pharmaceutical composition comprises: 

- from 8 to 12 mg of propofol; 

- from 25 to 110 mg of a bile acid, as a pharmaceutically acceptable salt 
thereof; 
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- from 40 to 150 mg of a lecithin, 
per ml of solution. 

According to a particularly advantageous embodiment of the present invention, 
in this aqueous, injectable pharmaceutical composition, said bile acid salt is 
sodium glycocolate and said lecithin is soybean lecithin. 
An aqueous, injectable pharmaceutical formulation comprising from 8 to 12 
mg, preferably 10 mg, of propofol per 1 ml of solution, from 50 to 60 mg of 
glycocolic acid, as sodium glycocolate, per ml of solution, and from 70 to 80 
mg of soybean lecithin per ml of solution is particularly advantageous. 
The water used in the present formulation is water for injectable preparations. 
For the manufacture of the present pharmaceutical formulation, the bile acid 
salt may be straightforwardly used as starting material or the free acid may be 
previously salified with a suitable alkalinizing agent which may be, for 
example, an alkaline metal hydroxide such as sodium, potassium or lithium 
hydroxide, an alkaline-earth metal hydroxide, such as calcium or magnesium 
hydroxide, a metal oxide such as magnesium or aluminium oxide, a carbonic 
acid salt, such as sodium or potassiu m carbonate, sodium or potassium 
bicarbonate, a phosphoric acid salt, such as sodium, potassium or calcium 
phosphate, for example trisodium phosphate. 

It is another object of the present invention to provide a process for the 
preparation of an aqueous, injectable pharmaceutical composition as mentioned 
above, which comprises: 

(a) adding lecithin to an aqueous solution of the pharmaceutically 
acceptable salt of the bile acid, said solution having a pH of from 4.5 to 6.5; 

(b) heating the aqueous dispersion to a temperature of from 35° to 85°C 
for 60 minutes; 

(c) adding propofol, previously heated at a temperature of from 35° to 
85°C, to the solution obtained in step (b), heated at a temperature of from 35° 
to 85°C; 

(d) cooling and adding water to reach the final volume. 

More particularly, the present invention concerns a process for the preparation 
of an aqueous, injectable pharmaceutical composition containing propofol, a 
pharmaceutically acceptable salt of a bile acid and a lecithin, as illustrated 
above, which comprises: 
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(a) adding lecithin to an aqueous solution of the pharmaceutical^ 
acceptable bile acid salt, said solution having a pH of from 4.5 to 6.5; 

(b) heating the aqueous dispersion at a temperature of from 35° to 85°C 
until solution is complete; 

(c) adding propofol, previously heated to the temperature of from 35° to 
85°C, to said solution; 

(d) cooling to room temperature and adding water until the final volume 
is reached; 

all the steps being carried out in substantial absence of oxygen. 
The expression "substantial absence of oxygen" means that the solution, during 
the process, should have a content of oxygen not higher than 1 part per million 
(p.p.m.), preferably not higher than 0.5 p.p.m. 

As set forth above in step (a), the pharmaceutically acceptable salt of the bile 
acid, preferably sodium glycocolate, may be dissolved in water as such or 
prepared in situ by salification of the bile acid, preferably glycocolic acid, with 
the selected base, preferably sodium hydroxide. In this latter case, the bile acid, 
preferably glycocolic acid, is add ed to an aqueous solution nf the. hag g_ 
preferably sodium hydroxide, by the adjusting the pH of the solution thus 
obtained with a pharmaceutically acceptable acid, preferably hydrochloric acid, 
in order to render said pH compatible with an intravenous administration. Said 
pH is kept at a value of from 4.5 to 6.5, advantageously from 5 to 6, preferably 
of about 5.5. 

Step (a) is normally carried out at room temperature (20°+25°C), but a higher 
temperature, for example of about 30°C is also acceptable. 
The medium is advantageously kept under substantial absence of oxygen by 
using any technique for removing it, for example by bubbling an inert gas, 
preferably nitrogen, in said medium and by keeping the medium under inert 
atmosphere throughout the process. 

The content of oxygen may be measured according to known methods (for 
example using an oxygen-sensitive electrode) and kept not higher than 1 
p.p.m., preferably lower than 0.5 p.p.m. 

Lecithin, preferably soybean lecithin, is added under strong stirring, 
advantageously in an inert atmosphere, preferably under nitrogen stream. 
In step (b), the mixture is heated at a temperature of from 35° to 85°C in order 
to obtain a complete dissolution. 
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Usually, a temperature of from 35° to 60°C, preferably of from 45° to 50°C, is 
used. Since bile acids and their salts are often surfactants, a foam may be 
obtained, which dissolves if the mixture is let to stand at rest, advantageously 
always in substantial absence of oxygen. 

In step (c), to the solution thus obtained, heated to 35°+85°C, preferably at 55° 
h-60°C, propofol, previously heated at the same temperature, is added under 
stirring and advantageously in an inert atmosphere, preferably under nitrogen 
stream. 

In step (d) the clear solution thus obtained, if necessary homogeneized, is 
cooled to room temperature (22+25°C) and diluted with water until the desired 
volume is reached, preferably by keeping the oxygen concentration of the 
medium very low, advantageously not higher than 1 p.p.m., preferably lower 
than 0.5 p.p.m. 

The solution thus obtained, when submitted to the conventional operations of 
pharmaceutical technique for the manufacture of injectable preparations, 
preferably kept in hermetically closed vessels, is ready for medical use. 
Preferably, the formulation according to the present inven tion contains oxygen 
at a concentration not higher than 0.5 p.p.m.. In the vessel containing it (vial or 
bottle) the head space contains oxygen in an amount preferably not higher than 
1%. 

EXAMPL E 

In a stainless steel reactor equipped with an heating shell, 186 ml of water for 
injectable preparation were introduced and nitrogen was bubbled thereinto to a 
concentration of dissolved oxygen lower than 0.5 p.p.m., by keeping the water 
temperature at about 25°C, then 4.8 g of sodium hydroxide were added 
thereinto, under gentle stirring and nitrogen stream. At complete dissolution, a 
control of the oxygen concentration, to be kept lower than 0.5 p.p.m., was 
made, then 54.6 g of glycocholic acid were quickly added in one portion by 
keeping the mixture at about 30°C under strong stirring and nitrogen 
atmosphere. After dissolution, the pH was in the range of 10+12. After 
solubilization of the glycocholic acid, thepH was adjusted to 5.45+5.5 with IN 
hydrochloric acid, by adding said acid slowly and keeping the solution under 
strong stirring and nitrogen atmosphere (oxygen concentration lower than 0.5 
p.p.m.) To the solution of sodium glycocholate, 75.6 g of soybean lecithin were 
slowly added, by keeping the solution under strong stirring and nitrogen 
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stream, then the suspension was heated at a temperature of 45-f5G°C under 
moderate stirring and nitrogen atmosphere until the formation of a great 
amount of foam was observed. The solution was cooled to room temperature 
and let to stand 18 hours under nitrogen pressure, wereafter the complete 
solubilization of the soybean lecithin was controlled. The solution was heated 
at 55-5-60°C and submitted for 10 minutes to the action of a homogeneizer, 
under strong nitrogen stream. An amount of 10 g of propofol, previously 
heated to 60°C, was slowly poured into the previously obtained solution, by 
keeping it under homogeneization and nitrogen stream, at a temperature of 65h- 
70°C. The solution was homogeneized until a sample of solution, diluted 1:1 
v/v with water for injectable preparations, resulted clear by nacked eye. The 
solution was cooled to 25°C by adding 610 ml of water for injectable 
preparations, very slowly, into the solution at a temperature of 25°C with a 
content of dissolved oxygen lower than 0.5 p.p.m. Then the solution was kept 
under gentle stirring and nitrogen stream until the content of dissolved oxygen 
resulted lower than 0.5 p.p.m. Then, vacuum was made in the reactor in order 
to eliminate the gas diss olved in the solution and water for inj ectable 
preparation, with a content of dissolved oxygen lower than 0.5 p.p.m., was 
added to a volume of 1000 ml. The solution was kept under gentle stirring and 
nitrogen stream; the value of the pH was controlled in order to kept it at 6.0+ 
6.3 (if necessary, the value must be adjusted with 0.2% hydrochloric acid or 
with 0.2% sodium hydroxide). The amount of dissolved oxygen was controlled 
and the nitrogen bubbling was continued until an oxygen concentration lower 
than 0.5 p.p.m. was obtained. The solution was filtered in a sterile unit (class 
100) through a 0.22-micron porous membrane, type Durapore ® by Millipore, 
previously controlled and approved for its integrity. Vials or bottles were filled 
under nitrogen atmosphere, by controlling the amount of residual oxygen in the 
head space of the vial or bottle in order to keep it lower than 1%. 

S TA BILITY ASSAYS 
After the initial measurement (time 0 s Tq) controls were made after 30 days 
(T30) and after 60 days (Tgo) from Tq. 

For the detection of propofol, a method by HPLC performed with inverse phase 
column and a UV detector was set up. The specificity and response linearity 
study in the concentration range of the vials gave satisfactory results to perform 
the stability control suitably. 
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EXPERIMENTAL 
MATERIALS AND METHODS 

Reagents 

- Acetonitrile for HPLC, Merck - Darmstadt 

- Deionized water from equipment "Maxima ultra pure water 1 ', Elga 

- Propofol Standard, Archimica - code 61005, batch No. 95005-0-01 (purity 
grade: 99.8%; density: 0.955 g/ml). 

Standard Solutions 

- Standard solution of propofol: in a 100-ml volumetric flask, about 20.0 mg, 
exactly weighed, of pure product are mixed with water to volume. 

- Soluzions of propofol samples in vials: the content of two vials are poured in 
a perfectly dried flask. 2 ml of the liquid of the vials are pipetted, by a glass 
pipette, poured in a 100-ml volumetric flask and brought to volume with water. 
Equipment 

- HPLC CM 4000, Milton Roy, equipped with 

- valve Rheodyne 7125 with a 10-p.l loop; 

- detector U.V. Spectromonitor 3100, Milton Ro y, with variable wavelength; 

- integrator Mega 2, Carlo Erba, with paper speed = 0.5 cm/min.; 

- column: Lichrospher 100 RP-18 (125 cm x 4 mm i. d. - 5\i particle size), 
Merck - Darmstadt; 

- precolumn: RP 18, Merck - Darmstadt. 
ChrQmatQgraphic Conditions 

- Mobile phase: acetonitrile/water = 60:40 v/v 

- Flow: 1 ml/min. 

- Detector wavelength: 270 nm, 

- Average elution time of propofol: 4.30 ± 1.00. 
Analytical detection 

For the detection of propofol concentration in the vials, the standard solution of 
propofol is analyzed by repeating the analysis four times. The solutions of 
propofol samples in vials are analyzed immediately after the detection of the 
standard, by repeating the analysis twice. From the comparison of the average 
areas drawn for the peaks of the propofol, the concentration in mg/ml of the 
active principle in the solution of the vials is calculated. 
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The results summarized in the table show that the solution object of the 
presente patent application rimains stable and clear for a period of at least 150 
days from the preparation date, within a broad temperature range. 



PROPOFOL 10 mg/ml - Temperature: 5°C 


ANALYSIS 
DATE 


DAYS 


CONCENTRATION 
mg/ml 


pH 


DEGRADATION 
% 


16.10.96 


0 


8.57 


6.00 


0 


19.11.96 


30 


8.58 


6.17 


+ 0.12 


17.12.96 


60 


8.62 


6.12 


+ 0.58 


10.02.97 


120 


8.48 


n. d. 


- 1.05 


27.03.97 


150 


8.25 


6.15 


-3.70 


PROPOFOL 10 rag/ml - Temperature: 25°C 


ANALYSIS 
DATE 


DAYS 


CONCENTRATION 
mg/ml — 


pH 


DEGRADATION 

% 


16.10.96 


0 


8.57 


6.00 


0 


19.11.96 


30 


8.46 


6.16 


- 1.28 


17.12.96 


60 


8.38 


6.13 


-2.21 

, . _ „ .„ _j 


10.02.97 


120 


n. d. 


n. d. 


n.d. | 


27.03.97 


150 


n.d. 


nd. 


n.d. j 


PROPOFOL 10 mg/ml - Temperature: 40°C j 

- ..... \ 


ANALYSIS 
DATE 


DAYS 


CONCENTRATION 
mg/ml 


pH 


DEGRADATION j 

% 1 


16.10.96 


0 


8.57 


6.00 


o 1 


19.11.96 


30 


8.52 


6.19 


. ; 

- 0.58 j 


17.12.96 


60 


8.38 


6.15 


-2.21 


10.02.97 


120 


8.34 


6.21 


-2.68 


I 27.03.97 


150 


8.26 


6.19 


-3.60 



n. d. = not determined 
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CLAIMS 



1. Aqueous, injectable pharmaceutical composition comprising: 

(a) propofol; 

(b) a pharmaceutically acceptable salt of a bile acid; 

(c) a lecithin. 

2. Composition according to claim 1, comprising: 

- from 8 to 12 mg of propofol; 

- from 25 to 110 mg of a bile acid, as a pharmaceutically acceptable salt 
thereof; 

- from 40 to 1 50 mg of a lecithin 
per ml of solution. 

3. Composition according to claim 1 or 2, in which the bile acid salt is the 
sodium salt. 

4. Composition according to one of claims 1 to 3, in which the bile acid, as a 
pharmaceutically acceptable salt thereof, is sodium glycocholate. 

5. Composition according to one of claims 1 to 4, in which the lecithin is 
soybean lecithin. 



^J^omposition-^^ from 8 to 12 mg 



of propofol, from 50 to 60 mg of glycocholic acid, as sodium glycocholate, and 



7. Composition according to claim 6, containing 10 mg of propofol per ml of 
solution. 

8. Composition according to claim 1, containing from 9 to 11 mg of propofol 
per ml of solution. 

9. Process for the preparation of the aqueous, injectable pharmaceutical 
composition of claim 1, which comprises: 

(a) adding lecithin to an aqueous solution of the pharmaceutically acceptable 
salt of the bile acid, said solution having a pH of from 4.5 to 6.5; 

(b) heating the aqueous dispersion at a temperature of from 35° to 85°C for 60 
minutes; 

(c) adding propofol, previously heated at a temperature of from 35° to 85°C, to 
the solution obtained in step (b) heated at a temperature of from 35° to 85°C; 

(d) cooling and adding water to the final volume. 

10. A process according to claim 9, which comprises: 





from 70 to 80 mg of soybean lecithin per ml of solution. 
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(a) adding the lecithin to an aqueous solution of the bile acid salt, said solution 
having a pH of from 4.5 to 6.5; 

(b) heating the aqueous dispersion at a temperature of from 35° to 85°C until 
the dissolution is complete; 

(c) adding propofol, previously heated to the temperature of from 35° to 85°C 
to said solution; 

(d) cooling to room temperature and adding water until the final volume is 
reached; 

all the steps being carried out in substantial absence of oxygen. 

11. A process according to claim 9 or 10, wherein the bile acid salt is sodium 
glycocholate. 

12. A process according to claim 1 1, wherein sodium glycocholate is prepared 
in situ. 

13. A process according to one of claims 9 to 12, in which the lecithin is 
soybean lecithin. 

14. A process according to one of claims 10 to 13, in which the substantial 
absence of oxygen is obtained by bubbling an inert gas into the mixture. 

1 5 . A pix)cessaccordingJ^ 

16. A process according to one of claims 10 to 15, in which the content of 
oxygen in the mixture is kept not higher than 1 p.p.m. 

17. A process according to claim 16, in which said content of oxygen is not 
higher than 0.5 p.p.m. 
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